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(57) ABSTRACT

A method for power management for use in system selection
by simultaneous receivers taking into account power use dur-
ing an idle state. A power penalty is determined for each of a
plurality of wireless technology systems available to a
receiver when conducting page monitoring sequences. Com-
bined power penalties are determined for various combina-
tions of wireless technology systems. Wireless technology
systems are selected in a preferred combination having a least
combined power penalty for monitoring pages during an idle
mode.
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1
METHOD AND APPARATUS FOR REDUCING
POWER CONSUMPTION OF
SIMULTANEOUS RECEIVERS IN A
WIRELESS COMMUNICATIONS DEVICE

BACKGROUND

Mobile telecommunication networks traditionally sup-
ported a single service dedicated to handle voice calls. Even-
tually, separate data related services were supported over the
mobile network. Receivers have evolved to handle two or
more services (e.g., voice, data, Dual SIM, etc.) simulta-
neously. For instance, simultaneous voice and data capability
has been introduced into the telecommunications industry.
That is, a user could utilize both a voice service as well as a
data service at the same time. In that case, the user could be
conducting a voice call with a calling partner and simulta-
neously send or receive email that is relevant to the conver-
sation. More particularly, simultaneous receivers are config-
ured to maintain circuit switched connection with a
designated network for voice service, and at the same time
maintain another connection with another system in that net-
work for handling data service.

However, when a receiver is connected to multiple systems
(e.g., voice and data), the receiver consumes more power.
This is because the receiver must monitor and process the
signal from multiple wireless technology systems simulta-
neously. As an example, the receiver must monitor for pages
coming from the different wireless technology systems indi-
cating that the receiver is a target for voice or data commu-
nications. In this case, the receiving device drains its battery
much more quickly than a device that is monitoring a single
wireless technology system. The problem is exacerbated
when there are multiple wireless technology systems to
choose from for a receiving device. For instance, a chosen
system to provide voice service may be selected from two or
more available systems that provide voice service. Similarly,
a chosen data system may be selected from multiple data
systems in the network.

Voice and data systems chosen for a communication device
may be set to default systems. This configuration may not be
well suited to a environment at a particular point in time, and
especially for dynamically changing RF environments. Addi-
tionally, system selection for a receiver at a particular point in
time is typically performed by evaluating one or more perfor-
mance factors. For instance, when choosing between two or
more systems, a receiver may consider quality of service
(QoS) parameters, signal quality, band preference, schedul-
ing, etc.).

SUMMARY

An apparatus for managing power in a wireless communi-
cation device that includes considering power penalties. The
apparatus includes a wireless receiver that is configured to
receive & process signals from a plurality of wireless tech-
nology systems simultaneously. Additionally, the apparatus
includes a system determination module that determines
available systems for each type of supported wireless tech-
nology and then select one or more available systems to
register for communication. For instance, the module is able
to determine the Circuit-Switched voice systems available to
the wireless receiver. Also, the system determination module
is configured to determine one or more combinations of wire-
less technology systems selected from the plurality of wire-
less technology systems supported by the wireless receiver
device. Further, the apparatus includes a power penalty moni-
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tor that determines a power penalty for maintaining connec-
tion with each of the plurality of wireless technology systems.
In particular, the power penalty is associated with a page
monitoring wake-up sequence that is performed when the
wireless communication device is operating in an idle mode.
The apparatus also includes a section module that determines
one or more power penalties for one or more combinations of
wireless technology systems that are selected from the plu-
rality of wireless technology systems. A preferred combina-
tion includes selected wireless technology systems that have
the least combined power penalty and still meet other
required system selection criteria.

In another embodiment, a method for power management
as implemented by a wireless communication device is
described. The method includes determining a plurality of
wireless technology systems that a wireless receiver is
capable of page monitoring, such as, during a wake-up
sequence when in an idle mode. The method further includes
determining a power penalty for each of the plurality of
wireless technology systems during a wake-up sequence. The
method also includes determining one or more combined
power penalties for various combinations of wireless tech-
nology systems selected from the plurality of wireless tech-
nology systems. The method also includes determining a least
combined power penalty that is associated with a preferred
combination. The method further includes selecting wireless
technology systems in the preferred combination for pur-
poses of monitoring pages from these wireless technology
systems when the wireless communication device isin an idle
mode.

In some embodiments, an apparatus includes a tangible,
non-transitory computer-readable storage medium having
stored thereon, computer-executable instructions that, when
executed causes the computer system to perform a method for
power management as implemented by a wireless communi-
cation device. The method includes determining a plurality of
wireless technology systems that a wireless receiver is
capable of page monitoring. The method further includes
determining a power penalty for each of the plurality of
wireless technology systems during a wake-up sequence
implemented for purposes of page monitoring. The method
also includes determining one or more combined power pen-
alties for various combinations of wireless technology sys-
tems selected from the plurality of wireless technology sys-
tems. The method also includes determining a least combined
power penalty that is associated with a preferred combina-
tion. The method further includes selecting wireless technol-
ogy systems in the preferred combination for purposes of
monitoring pages from these wireless technology systems
when the wireless communication device is in an idle mode.

In another embodiment, a computer system comprises a
processor coupled to memory having stored therein instruc-
tions that, if executed by the computer system, cause the
computer to execute a method for power management as
implemented by a wireless communication device. The
method includes determining a plurality of wireless technol-
ogy systems that a wireless receiver is capable of page moni-
toring. The method further includes determining a power
penalty for each of the plurality of wireless technology sys-
tems during a wake-up sequence implemented for purposes
of page monitoring. The method also includes determining
one or more combined power penalties for various combina-
tions of wireless technology systems selected from the plu-
rality of wireless technology systems. The method also
includes determining a least combined power penalty that is
associated with a preferred combination. The method further
includes selecting wireless technology systems in the pre-
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ferred combination for purposes of monitoring pages from
these wireless technology systems when the wireless com-
munication device is in an idle mode.

In still another embodiment, a method for power manage-
ment as implemented by a wireless communication device is
disclosed. The method includes determining a plurality of
wireless technology systems that a wireless receiver is
capable of page monitoring, such as, during a wake-up
sequence when in an idle mode. The method further includes
determining at least one combination of wireless technology
systems, wherein each combination comprises one or more
wireless technology systems of at least a first type. The
method also includes determining one or more combined
power consumption penalties for the combinations of wire-
less technology systems. The method further includes deter-
mining a least combined power penalty associated with a
preferred combination. The method also includes selecting
wireless technology systems in the preferred combination for
operation by the wireless communication device when oper-
ating in an idle mode.

These and other objects and advantages of the various
embodiments of the present disclosure will be recognized by
those of ordinary skill in the art after reading the following
detailed description of the embodiments that are illustrated in
the various drawing figures.

BRIEF DESCRIPTION

The accompanying drawings, which are incorporated in
and form a part of this specification and in which like numer-
als depict like elements, illustrate embodiments of the present
disclosure and, together with the description, serve to explain
the principles of the disclosure.

FIG. 1 is a block diagram of a plurality of wireless systems
that are available to a wireless communication device,
wherein the systems may comprise one or more types of
wireless systems, in accordance with one embodiment of the
present disclosure.

FIG. 2 is an apparatus configured for implementing power
management when selecting wireless technology systems to
camp on during an idle mode, in accordance with one
embodiment of the present disclosure.

FIG. 3 is an illustration of a portion of a protocol stack for
a generic wireless system including the system determination
layer implementing power management, in accordance with
one embodiment of the present disclosure.

FIG. 4 is a flow diagram illustrating a method of power
management when performing system determination to
select wireless technology systems to camp on during an idle
mode, in accordance with one embodiment of the present
disclosure.

FIG. 5 is a flow diagram illustrating a method of power
management when performing system determination to
include the consideration of power consumption of wireless
technology systems during a page monitoring wake-up
sequence, in accordance with one embodiment of the present
disclosure.

FIG. 6 is a signal diagram illustrating exemplary power
penalties for various wireless technology systems and illus-
trating exemplary combined power penalties for various com-
binations of wireless technology systems, in accordance with
one embodiment of the present disclosure.

FIG. 7 is a signal diagram illustrating exemplary power
consumption penalties for various wireless technology sys-
tems and illustrating exemplary combined power consump-
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tion penalties for various combinations of wireless technol-
ogy systems, in accordance with one embodiment of the
present disclosure.

FIG. 8 depicts a block diagram of an exemplary wireless
communications device suitable for implementing the
present methods, in accordance with one embodiment of the
present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the various
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. While
described in conjunction with these embodiments, it will be
understood that they are not intended to limit the disclosure to
these embodiments. On the contrary, the disclosure is
intended to cover alternatives, modifications and equivalents,
which may be included within the spirit and scope of the
disclosure as defined by the appended claims. Furthermore, in
the following detailed description of the present disclosure,
numerous specific details are set forth in order to provide a
thorough understanding of the present disclosure. However, it
will be understood that the present disclosure may be prac-
ticed without these specific details. In other instances, well-
known methods, procedures, components, and circuits have
not been described in detail so as not to unnecessarily obscure
aspects of the present disclosure.

Accordingly, embodiments of the present disclosure illus-
trate the implementation of a power-aware system selection
technique to reduce the power consumption of any multi-
mode wireless receiver when operating in simultaneous
mode, thus efficiently using power and/or extending battery
life. Embodiments of the present disclosure also provide for
considering power consumption as a factor when performing
system selection to select wireless technology systems to
camp on during an idle mode.

Throughout the present application, the term “system” is
used to indicate a particular telecommunications technology
(e.g., 2G, 3G, 4G, Wi-Fi, etc.) providing various services
(e.g., voice, data, etc.), as implemented through one or more
network infrastructures. Specifically, for each system, one or
more supporting networks may be associated with one or
more service providers providing the infrastructure to support
the one or more services.

FIG. 1is a block diagram of a plurality of wireless systems
100 that is available to a wireless communication device 110,
wherein the systems may comprise one or more types of
wireless systems, in accordance with one embodiment of the
present disclosure. In particular, the communication device
110 includes a wireless receiver (not shown) that is config-
ured to receive signals from one or more wireless systems. In
some embodiments, wireless device 110 comprises a wireless
transceiver that is configured to transmit and receive signals
between the plurality of wireless systems 100 and device 110.

The wireless systems may include one or more types of
systems, such as those providing voice services, data ser-
vices, messaging, or any other type of services. For instance,
wireless systems that provide circuit-switched voice service
include second-generation wireless telephony technology
(2G) systems such as Code Division Multiple Access
(CDMA) and GSM, and third-generation telephony technol-
ogy 3G such as CDMA2000 and UMTS. Also, systems that
can provide the data service include 2G, 3G, fourth genera-
tion telephony technology (4G), also known as long term
evolution (LTE), evolution data optimized (EVDO), Wi-Fi,
etc. Still other types of wireless systems are contemplated.
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As shown in FIG. 1, various wireless systems are available
to the wireless communication device 110. For instance, sys-
tems 102, 104, and 106 are shown broadcasting signals to the
wireless receiver in device 110. Each of the systems 102, 104,
and 106 support a type of service, such as, voice, data, mes-
saging, etc. As an example, system 102 may provide voice
services using CDMA to devices within its signal reach, and
system 104 may provide data services using LTE, and system
106 may provide other data services using Wi-Fi. Other com-
binations of voice and data systems available to device 110
are contemplated.

Additionally, the multi-mode receiver in wireless commu-
nication device 110 is capable of operating in simultaneous
mode. That is, the term “simultaneous” indicates that the
wireless receiver has more than one wireless technology sys-
tems (e.g., combinations of CDMA, 2G, 3G, 4G, EVDO,
Wi-Fi, etc.) that is active on the device 110 at the same time.
For example, device 110 may select one or more voice sys-
tems for communication. Additionally, device 110 may select
one or more data systems for communication. As such, device
110 may be connected to one or more voice systems, and/or
one or more data systems when operating in a simultaneous
mode.

Embodiments of the present invention provide for a wire-
less device 110 to smartly and dynamically select among
multiple wireless technology systems that are available to the
device 110 at any one time, especially when operating in an
idle mode. In particular, the wireless device 110 is able to
determine which wireless technology systems to camp on that
has in combination the most favorable (e.g., least) power
penalty when operating in idle mode. In one implementation,
the wireless device 110 is able to determine which wireless
technology systems to camp on that when combined con-
sumes the least power when performing periodic page moni-
toring wake-up sequences when the device 110 is operating in
an idle mode.

FIG. 2 is an apparatus 200 configured for implementing
power management, in accordance with one embodiment of
the present disclosure. In particular, apparatus 200 is able to
select wireless technology systems by considering the power
penalty associated with performing page monitoring wake up
sequences for various combinations of multiple wireless
technology systems that are available to the device. The pre-
ferred combination that is selected provides for efficient use
of the power available to the apparatus 200, which in one
implementation is a wireless, mobile device.

As shown in FIG. 2, apparatus 200 includes a wireless
receiver 210 that is configured to receive signals from a plu-
rality of wireless technology systems. At any point in time,
each of the wireless technology systems may or may not be
available to the apparatus 200 depending on the location of
the apparatus and the network topologies of the wireless
systems.

In particular, receiver 210 is configured to receive page
notifications from one or more wireless technology systems.
A wireless system broadcasts page signals or notifications
that indicate to a target device that a connection should be
established between the target device and the network. The
page signals or notifications are provided on a periodic basis
for each network. For instance, a voice connection is
requested with the apparatus, or data is available for the
apparatus. When apparatus 200 is in an idle mode, it under-
goes a wake-up sequence at a scheduled time in order to
receive the periodic page notifications from a corresponding
wireless network of a specific technology. This is possible,
since the corresponding wireless system sends page notifica-
tions on a scheduled and periodic basis.
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Apparatus 200 also includes a system determination mod-
ule 220 for determining wireless technology systems that are
available to the wireless receiver. Further, system determina-
tion module 220 is able to determine which wireless systems
are available within a particular type of service. For instance,
module 220 is able to determine all of the available systems
supporting a voice type of service, a data type of service, or
any other suitable type of service.

Additionally, the system determination module 220 is con-
figured to determine one or more combinations of wireless
technology systems selected from the plurality of wireless
technology systems. For instance, combinations may include
one or more wireless technology systems taken from the
various types of wireless technology systems. In one embodi-
ment, at least one wireless technology system that is available
to the apparatus 200 for each type of service is included in
each combination. In another embodiment, at least one wire-
less technology system of a first type, and/or at least one
wireless technology system of a second type, and/or at least
one wireless technology system of a third type of wireless
technology system is included in a combination. In still
another embodiment, one or more wireless systems may be
available for a given type of service. In one embodiment, a
wireless technology system supporting voice services (a first
type) and a wireless technology system supporting data ser-
vice (a second type) is selected for each combination.

Apparatus 200 also includes a power penalty monitor 230
for determining a power penalty for each of the plurality of
wireless technology systems. Specifically, the power penalty
for a corresponding wireless technology system is associated
with a page monitoring wake-up sequence performed while
the apparatus 200 is in an idle mode. That is, depending on the
frequency of page signaling conducted by a corresponding
wireless technology system, apparatus 200 will wake-up
from an idle state in order to perform page monitoring, or
monitoring of page signals from the corresponding wireless
technology system. Afterwards, apparatus 200 returns to the
idle state to efficiently use power.

In one embodiment, the power penalty comprises a duty
cycle as will be further described in relation to FIG. 6. That is,
a power penalty is determined based on the duty cycle asso-
ciated with a page monitoring wake-up sequence for a corre-
sponding wireless technology system. In another embodi-
ment, the power penalty comprises energy consumption as
will be further described in relation to FIG. 7. That is, a power
penalty is determined based on the energy consumption asso-
ciated with a page monitoring wake-up sequence for a corre-
sponding wireless technology system.

In one embodiment, the power penalty monitor comprises
alook-up table (LUT) that includes information related to the
power penalty associated with each of the wireless technol-
ogy systems. For instance, in one implementation, the LUT
includes the average energy (i.e. power*time) use during a
page monitoring cycle for a corresponding wireless technol-
ogy system. LUT is one piece of information for power pen-
alty monitor, the other piece is duty cycle and the wireless
receiver device gets the duty cycle information directly from
wireless system through broadcast messages.

Apparatus 200 also includes a selection module 240 for
determining a preferred combination of wireless technology
systems to camp on while in an idle mode. Specifically, mod-
ule 240 determines one or more combined power penalties for
the various combinations of wireless technology systems. For
instance, in one embodiment, combinations include one
available wireless technology system from each of the voice
typetechnology service and data type technology service. For
each combination, a combined power penalty is determined
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based on the individual power penalties included in the com-
bination. In one embodiment, the operations performed by
the selection module 240 is either wholly or partly performed
by the system determination module 220.

In one embodiment, the preferred combination has the
most favorable or least combined power penalty. That is, the
preferred combination comprises selected wireless technol-
ogy systems that in combination have the least combined
power penalty. In one embodiment, each of the selected wire-
less technology systems in the combination is also associated
with the lowest power penalty for an associated type of wire-
less technology system. For instance, if the combination
includes a wireless technology system supporting a voice
type of technology system and a wireless technology system
supporting a data type, then each of the selected wireless
technology systems is also associated with the lowest power
penalty for an associated voice or data type of wireless tech-
nology systems.

In one embodiment, the determination of the most favor-
able combined power penalty may be combined with other
factors or parameters to determine the preferred combination.
For instance, additional parameters include signal quality,
technology mode/band preference, scheduling quality of ser-
vice (QoS), etc.

In one embodiment, the combined power penalty com-
prises a combined duty cycle as will be further described in
relation to FIG. 6. That is, a combined power penalty is
determined based on the combined duty cycle associated with
page monitoring wake-up sequences for a corresponding
combination of wireless technology systems. In another
embodiment, the combined power penalty comprises energy
consumption as will be further described in relation to FIG. 7.
That is, a power penalty is determined based on the energy
consumption associated with a page monitoring wake-up
sequence for a corresponding combination of wireless tech-
nology systems.

FIG. 3 is an illustration of a portion of a protocol stack 300
for a generic wireless system and including the system deter-
mination layer implementing power management, in accor-
dance with one embodiment of the present disclosure. In one
embodiment, the protocol stack 300 is implementable within
apparatus 200 of FIG. 2 for purposes of power management
through the selection of wireless technology systems to camp
on while the apparatus 200 is in an idle mode.

As shown in FIG. 3, the bottom four layers include the
physical (PHY) layer 310, the radio link control/medium-
access control (RLC/MAC) layer 320, radio resource control
(RRC) layer 330, and non-access stratum (NAS) layer 340. In
some embodiments, these four layers are included within
most or all wireless technology systems, to include CDMA,
2G, 3G, 4G, LTE, etc. Generally, the PHY layer 310 is the
lowest layer and provides for basic hardware transceiver
functions, such as, data transfer over air interface to a network
node. The RLC/MAC layer 320 resides above the PHY layer
310, and provides for, in part, defining the basic transport unit
over the air interface used to carry data and RLC/MAC sig-
naling between the wireless telecommunications device and
the wireless technology systems. For instance, the RLC/MAC
320 provides for segmentation and reassembly of packets, as
well as switching, formatting, and mapping between logical
channels and transport channels. The RRC layer 330 resides
abovethe RLC/MAC layer 320 and provides for control plane
signaling for layer 1 and layer 2 protocol elements and enti-
ties. For instance, the RRC layer 330 provides for delivering
messages associated with requesting and setting up a connec-
tion between the network and the wireless device. The NAS
layer 340 resides above the RRC layer 330 and provides for
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signaling and coordinating traffic between the wireless device
and the network technology system.

Protocol stack 300 also includes the system determination
and call processing layer 350 that sits above the NAS layer
340. In some embodiments of the invention, power manage-
ment of a wireless telecommunications device is imple-
mented through the selection of the one or more wireless
technology system to camp on during an idle mode is per-
formed at layer 350. For instance, methods for implementing
the power management techniques are implemented through
the system determination and call processing layer 350. A
more detailed description of the methods of power manage-
ment is provided in relation to FIGS. 4 and 5 below. Power
management implementation within the system determina-
tion and call processing layer 350 allows for unique modifi-
cations to the operations performed by the lower layers 310,
320, 330, and 340 in the protocol stack 300.

FIG. 4 is a flow diagram 400 illustrating a method of power
management when performing system determination to
select wireless technology systems to camp on during an idle
mode, in accordance with one embodiment of the present
disclosure. In one embodiment, flow diagram 400 illustrates a
computer implemented method of performing system deter-
mination for selection of wireless technology systems to
camp on during an idle mode, in accordance with one
embodiment of the present disclosure. In another embodi-
ment, flow diagram 400 is implemented within a computer
system including a processor and memory coupled to the
processor and having stored therein instructions that, if
executed by the computer system causes the system to
execute a method of power management when performing
system determination to select wireless technology systems
to camp on during an idle mode. In still another embodiment,
instructions for performing the method are stored on a non-
transitory computer-readable storage medium having com-
puter-executable instructions for causing a computer system
to perform a method of power management when performing
system determination to select wireless technology systems
to camp on during an idle mode, as outlined by flow diagram
400. In some embodiments, the operations of flow diagram
400 are implemented within the wireless communications
device 800 of FIG. 8 and/or wireless communication device
200 of FIG. 2.

The method of flow diagram 400 includes determining a
plurality of wireless technology systems that a wireless
receiver is capable of page monitoring at 410. The identified
wireless technologies include systems that are available to the
wireless receiver, such that when the wireless receiver is
operating in an idle mode, the receiver is configured to wake-
up to perform page monitoring over a corresponding system.

The method also includes determining a power penalty for
each of the plurality of wireless technology systems at 420.
The power penalty is associated with a page monitoring
wake-up sequence that is performed when the wireless
receiver is operating in an idle mode. In one embodiment, the
power penalty comprises a duty cycle. In another embodi-
ment, the power penalty comprises an average power con-
sumption over a period. In still another embodiment, the
power penalty comprises energy consumption over an entire
page monitoring wake-up sequence. In one embodiment, the
power penalties are stored for ready access. For instance, the
power penalties for various wireless technology systems in
association with a corresponding page monitoring wake-up
sequence is stored in an LUT.

At 430, the method also includes determining one or more
combined power penalties for combinations of wireless tech-
nology systems that are selected from the plurality of wireless
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technology systems. The determination of a combination
includes selecting a wireless technology system for each type
of required service, in one embodiment. For instance, a first
type supports voice service, and a second type supports data
service. As such, the combined power penalty that is deter-
mined is based on the individual power penalties of wireless
technology systems included in the combination. In one
embodiment, the combined power penalty is the sum of the
individual power penalties of wireless technology systems
included in the combination.

At 440, the method also includes determining a most favor-
able combined power penalty. Specifically, among the com-
binations of wireless technology systems that are each asso-
ciated with a combined power penalty, a preferred
combination is associated with the most favorable combined
power penalty. For instance, in one embodiment, the most
favorable combined power penalty comprises the least com-
bined power penalty.

In one embodiment, determining the most favorable com-
bined power penalty includes determining a combined duty
cycle that is associated with page monitoring wake-up
sequence for each of the combinations. As such, the preferred
combination is associated with a combined duty cycle thathas
the least or lowest values. The duty cycles are determined
over a period that is universal over all the combinations.

In another embodiment, the most favorable combined
power penalty is obtained by determining a combined power
consumption for page monitoring wake-up sequences for
each of the combinations. In one embodiment, the combined
power consumption is determined over a period that is uni-
versal over all the combinations, wherein the period is defined
over a cycle or over the entire course of the wake-up
sequences of wireless technology systems in the correspond-
ing combination. As such, the preferred combination con-
sumes the least combined power associated with the wireless
technology systems in the combination over a period (e.g.,
over a cycle or over the entire wake-up sequence).

In one embodiment, the combined power consumption is
determined over a period that comprises a cycle. As such, a
page monitoring cycle is determined that is associated with
the period. The page monitoring cycle is determined for all
the wireless technology systems in the corresponding com-
bination. In one embodiment, the page monitor cycle is trans-
mitted to the receiver over the air from system through broad-
cast system information messages. An average power use
may also be determined based on the page monitor cycles for
the various wireless technology systems. As such, individual
and combined power consumptions are determined based on
the average power use for the wireless technology systems
during the page monitoring cycle. In one embodiment, this
information is stored for ready access (e.g., in an LUT)

In another embodiment, the combined power consumption
is determined by selecting a wireless technology system that
consumes the least power over a period for each type of
wireless technology system included in a corresponding com-
bination. For instance, within a first type of wireless technol-
ogy system, a first wireless technology system is selected
having the least power consumption over the period. Also,
within a second type of wireless technology system, a second
wireless technology system is selected having the least power
consumption over the period. This process is performed for
every type of wireless technology system that is included in
the combinations. In one example, the combinations include
wireless technology systems of first and second types. As
such, the preferred combination includes the first wireless
technology system and the second wireless technology sys-
tem.
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At 450, the method also includes selecting wireless tech-
nology systems in the preferred combination for the wireless
receiver to camp on during an idle mode. That is, the wireless
receiver is configured to periodically perform a page moni-
toring wake-up sequence in relation to the page monitoring
cycles associated with each of the selected wireless technol-
ogy systems. As such, the page monitoring wake-up
sequences performed for each of the wireless technology
systems in the preferred combination makes the most efficient
use of power available to the telecommunications device
comprising the wireless receiver.

FIG. 5 is a flow diagram 500 illustrating a method of power
management when performing system determination to
include the consideration of power consumption of wireless
technology systems during a page monitoring wake-up
sequence, in accordance with one embodiment of the present
disclosure. In one embodiment, flow diagram 500 illustrates a
computer implemented method of performing system deter-
mination for selection of wireless technology systems to
camp on during an idle mode, in accordance with one
embodiment of the present disclosure. In another embodi-
ment, flow diagram 500 is implemented within a computer
system including a processor and memory coupled to the
processor and having stored therein instructions that, if
executed by the computer system causes the system to
execute a method of power management when performing
system determination to select wireless technology systems
to camp on during an idle mode. In still another embodiment,
instructions for performing the method are stored on a non-
transitory computer-readable storage medium having com-
puter-executable instructions for causing a computer system
to perform a method of power management when performing
system determination to select wireless technology systems
to camp on during an idle mode, as outlined by flow diagram
500. In some embodiments, the operations of flow diagram
500 are implemented within the wireless communications
device 800 of FIG. 8 and/or wireless communication device
200 of FIG. 2.

The method of flow diagram 500 includes determining a
plurality of wireless technology systems that a wireless
receiver is capable of page monitoring at 510. The identified
wireless technology systems include systems that are avail-
able to the wireless receiver, such that when the wireless
receiver is operating in an idle mode, the receiver is config-
ured to wake-up to perform page monitoring.

The method includes determining at least one combination
of wireless technology systems, wherein each combination
comprises one or more wireless technology systems of at
least a first type. In another embodiment, each combination
comprises one or more wireless technology systems of at
least a first type and a second type. For instance, each com-
bination comprises a wireless technology system of a first
type supporting voice services, and a second type supporting
data services.

At 530, the method also includes determining one or more
combined power penalties associated with page monitoring
wake-up sequences over a period for combinations of wire-
less technology systems that are selected from the plurality of
wireless technology systems. The determination of a combi-
nation includes selecting a wireless technology system for
each type of wireless technology, in one embodiment. For
instance, a first type supports voice service, and a second type
supports data service. As such, the combined power penalty
that is determined is based on the individual power penalties
of wireless technology systems included in the combination.
In one embodiment, the combined power penalty is the sum of
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the individual power penalties of wireless technology sys-
tems included in the combination.

At 540, the method also includes determining a least com-
bined power consumption penalty. Specifically, among the
combinations of wireless technology systems that are each
associated with a combined power penalty, a preferred com-
bination is associated with the least consumption of com-
bined power over the period. For instance, for a given com-
bination, the combined power consumption is determined
over a period, wherein the period is defined over a cycle or
over the entire course of the wake-up sequences of wireless
technology systems in the corresponding combination. As
such, the preferred combination is the one that consumes the
least combined power associated with the wireless technol-
ogy systems in the combination over a period (e.g., over a
cycle or over the entire wake-up sequence).

At 550, the method also include selecting wireless technol-
ogy systems in the preferred combination for the wireless
receiver to camp on during an idle mode. That is, the wireless
receiver is configured to periodically perform a page moni-
toring wake-up sequence in relation to the page monitoring
cycles associated with each of the selected wireless technol-
ogy systems. As such, the page monitoring wake-up
sequences performed for each of the wireless technology
systems in the preferred combination makes the most efficient
use of power available to the telecommunications device
comprising the wireless receiver.

FIG. 6 is asignal diagram 600 illustrating exemplary power
penalties for various wireless technology systems and illus-
trating exemplary combined power penalties for various com-
binations of wireless technology systems, in accordance with
one embodiment of the present disclosure. As such, in FIG. 6,
duty cycles are shown for various signals and are used to
determine corresponding power penalties, and to determine
the most favorable combined power penalty of a preferred
combination. More particularly, the combined duty cycle as
determined for each combination of wireless technology sys-
tems is associated with page monitoring wake-up sequences.

As shown in FIG. 6, vertical lines form intervals over
which a page monitoring wake-up sequence duty cycle is
determined. For illustration purposes only, the interval
between two vertical lines (e.g., 602 and 603) is a one-second
interval, though the interval may comprise any consistent
time interval. In this manner, a duty cycle is determined for
each of the wireless technology systems supported by the
corresponding wireless telecommunications device, wherein
a duty cycle is defined by the amount of time spent operating
in a given mode, such as when performing page monitoring
during a wake-up sequence, in comparison to an overall
period of time 660. In one embodiment, the overall period is
a universal period consistent over each of the wireless tech-
nology systems, and the various combinations of the wireless
technology systems.

As shown in diagram 600, duty cycle waveforms are shown
above line A-A for each wireless technology system that a
wireless telecommunications device is configured to support.
For instance, duty cycle waveform 610 is associated with
system 1 that provides a Type A service, such as, voice ser-
vices. The associated duty cycle over universal period 660 for
waveform 610 with regards to performing page monitoring
wake-up sequence while a device is an idle mode is approxi-
mately Y4. Duty cycle waveform 620 is associated with sys-
tem 2 that provides a Type B service, such as, data services.
The associated duty cycle for waveform 620 with regards to
performing page monitoring wake-up sequence while a
device is an idle mode is approximately 4. Duty cycle wave-
form 630 is associated with system 3 that provides a Type B
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service. The associated duty cycle for waveform 630 with
regards to performing page monitoring wake-up sequence
while a device is an idle mode is approximately Y%.

In one embodiment, combinations include wireless tech-
nology systems of each of a first and second type of service.
For instance, each combination includes at least one wireless
technology system of a first type (e.g., voice services) and at
least one wireless technology system of a second type (e.g.,
data services). Using the waveforms provided in FIG. 6, there
is only one wireless technology system supporting Type A
service, and as such, all combinations include the wireless
technology system 1. On the other hand, there are two wire-
less technology systems supporting Type B services. As such,
combinations include a first combination of wireless technol-
ogy systems 1 and 2; and a second combination of wireless
technology systems 1 and 3.

In one embodiment, determining the most favorable com-
bined power penalty includes determining a combined duty
cycle that is associated with page monitoring wake-up
sequence for each of the combinations. A preferred combina-
tion is associated with a combined duty cycle that has the least
or lowest values. As shown in diagram 600, combined duty
cycle waveforms are shown below line A-A for each combi-
nation of wireless technology systems that a wireless tele-
communications device is configured to support in simulta-
neous mode. For instance, duty cycle waveform 640 is
associated with the first combination of wireless technology
systems 1 and 2 providing voice and data services. The asso-
ciated duty cycle for waveform 640 with regards to perform-
ing page monitoring wake-up sequences for both systems 1
and 2 while adevice is an idle mode is approximately ¥5. Duty
cycle waveform 650 is associated with the second combina-
tion of wireless technology systems 1 and 3 providing voice
and data services. The associated duty cycle for waveform
650 with regards to performing page monitoring wake-up
sequences for both systems 1 and 3 while a device is inanidle
mode is approximately Y%.

A preferred combination with the most favorable power
penalty is associated with the lowest combined duty cycle.
The combined duty cycle of the first combination of systems
1 and 2 (34) is lower than the combined duty cycle of the
second combination of systems 1 and 3 (V2). As such, the first
combination of systems 1 and 2 is the preferred combination.

FIG. 71s asignal diagram 700 illustrating exemplary power
consumption penalties for various wireless technology sys-
tems and illustrating exemplary combined power consump-
tion penalties for various combinations of wireless technol-
ogy systems, in accordance with one embodiment of the
present disclosure. As such, in FIG. 7, power consumption is
shown for various signals are used to determine correspond-
ing power consumption penalties, and to determining the
most favorable or lest combined power consumption penalty
of a preferred combination. More particularly, the combined
power consumption as determined for each combination of
wireless technology systems is associated with page moni-
toring wake-up sequences.

As shown in FIG. 7, vertical lines form intervals over
which a page monitoring wake-up sequence is shown. For
illustration purposes only, the interval between two vertical
lines (e.g., 702 and 703) can be any time consistent interval
(e.g., aone-second interval). In this manner, power consump-
tion is determined by the area occupied by a corresponding
waveform over a 0 value. Relative power values between 0-10
are provided for reference on the vertical axis. For instance,
the power values may indicate current (amps) or power (watt-
age). As such, total energy consumption is determined by the
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power value exerted over a period of time, or the area occu-
pied by a corresponding waveform, such as, the area 721 of
waveform 720.

As shown in diagram 700, power waveforms are shown
above line B-B for each wireless technology system that a
wireless telecommunications device is configured to support.
For instance, power waveform 710 is associated with system
1 that provides a Type A service, such as, voice services. The
highest power level for waveform 710 with regards to per-
forming page monitoring wake-up sequence while a device is
an idle mode is approximately a level 2. The wake-up
sequence occurs twice in a universal period 760.

Power waveform 720 is associated with system 2 that pro-
vides a Type B service, such as, data services. The highest
power level for waveform 720 with regards to performing
page monitoring wake-up sequence while a device is an idle
mode is approximately a level 10. The wake-up sequence
occurs once in a universal period 760. Power waveform 730 is
associated with system 3 that provides a Type B service. The
highest power level for waveform 710 with regards to per-
forming page monitoring wake-up sequence while a device is
an idle mode is approximately a level 2. The wake-up
sequence occurs four times in a universal period 760

In one embodiment, combinations include wireless tech-
nology systems of each of a first and second type of service.
For instance, each combination includes at least one wireless
technology of a first type (e.g., voice services) and at least one
wireless technology system of a second type (e.g., data ser-
vices). Using the waveforms provided in FIG. 7, combina-
tions include a first combination of wireless technology sys-
tems 1 and 2; and a second combination of wireless
technology systems 1 and 3.

In one embodiment, determining the most favorable com-
bined power consumption penalty includes determining a
combined power penalty that is associated with page moni-
toring wake-up sequence for each of the combinations. A
preferred combination is associated with a combined power
consumption penalty that has the least or lowest value. As
shown in diagram 700, combined power consumption wave-
forms are shown below line B-B for each combination of
wireless technology systems that a wireless telecommunica-
tions device is configured to support in simultaneous mode.
For instance, power consumption waveform 740 is associated
with the first combination of wireless technology systems 1
and 2 providing voice and data services. As shown, three
wake-up sequences 741, 742, and 743 are performed for
waveform 740. Sequences 741 and 743 are associated with
power consumption levels of 2, and sequence 742 is associ-
ated with a power consumption level of 10. As such, over
period 760, the total power consumption penalty (power mul-
tiplied by time, or area) is approximately 14, given a time
interval of 1 for simplicity.

Power consumption waveform 750 is associated with the
second combination of wireless technology systems 1 and 3
providing voice and data services. As shown, three wake-up
sequences 751, 752, 753, and 754 are performed for wave-
form 750. Sequences 751 and 753 are associated with power
consumption levels of 4, and sequences 752 and 754 are
associated with a power consumption level of 2. As such, over
period 760, the total power consumption penalty (power mul-
tiplied by time, or area) is approximately 12, given a time
interval of 1 for simplicity.

A preferred combination with the most favorable power
consumption penalty is associated with the lowest combined
power consumption penalty. The combined power consump-
tion penalty of the first combination of systems 1 and 2 (14) is
higher than the combined power consumption penalty of the
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second combination of systems 1 and 3 (12). As such, the
second combination of systems 1 and 3 is the preferred com-
bination.

The determination of power penalties as shown in FIGS. 6
and 7 may give different results for the same wireless tele-
communications device operating in the same environment.
For instance, when looking at duty cycles as shown in FIG. 6,
the preferred combination includes systems 1 and 2, whereas
when looking a power consumption as shown in FIG. 7, the
preferred combination includes systems 1 and 3. In one
embodiment, determining power penalties based on power
consumption gives a better representation of power usage for
a particular telecommunications device.

FIG. 8 is a block diagram of an example of a wireless
communications device 800 capable of implementing
embodiments of the present disclosure. Communications
device 800 broadly represents any single or multi-processor
computing device or system capable of executing computer-
readable instructions. Examples of wireless communications
device 800 include, without limitation, workstations, laptops,
client-side terminals, servers, distributed computing systems,
handheld devices, or any other computing system or device.
In its most basic configuration, wireless communications
device 800 may include at least one processor 810 and a
system memory 840.

Both the central processing unit (CPU) 810 and the graph-
ics processing unit (GPU) 820 are coupled to memory 840.
System memory 840 generally represents any type or form of
volatile or non-volatile storage device or medium capable of
storing data and/or other computer-readable instructions.
Examples of system memory 840 include, without limitation,
RAM, ROM, flash memory, or any other suitable memory
device. In the example of FIG. 8, memory 840 is a shared
memory, whereby the memory stores instructions and data for
both the CPU 810 and the GPU 820. Alternatively, there may
be separate memories dedicated to the CPU 810 and the GPU
820, respectively. The memory can include a frame bufter for
storing pixel data drives a display screen 830.

The wireless communications device 800 includes a user
interface 860 that, in one implementation, includes an on-
screen cursor control device. The user interface may include
a keyboard, a mouse, and/or a touch screen device (a touch-
pad).

CPU 810 and/or GPU 820 generally represent any type or
form of processing unit capable of processing data or inter-
preting and executing instructions. In certain embodiments,
processors 810 and/or 820 may receive instructions from a
software application or hardware module. These instructions
may cause processors 810 and/or 820 to perform the func-
tions of one or more of the example embodiments described
and/or illustrated herein. For example, processors 810 and/or
820 may perform and/or be a means for performing, either
alone or in combination with other elements, one or more of
the monitoring, determining, gating, and detecting, or the like
described herein. Processors 810 and/or 820 may also per-
form and/or be a means for performing any other steps, meth-
ods, or processes described and/or illustrated herein.

In some embodiments, the computer-readable medium
containing a computer program may be loaded into wireless
communications device 800. All or a portion of the computer
program stored on the computer-readable medium may then
be stored in system memory 840 and/or various portions of
storage devices. When executed by processors 810 and/or
820, a computer program loaded into wireless communica-
tions device 800 may cause processor 810 and/or 820 to
perform and/or be a means for performing the functions ofthe
example embodiments described and/or illustrated herein.
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Additionally or alternatively, the example embodiments
described and/or illustrated herein may be implemented in
firmware and/or hardware.

Embodiments of the present disclosure may be imple-
mented by using hardware only or by using software and a
necessary universal hardware platform. Based on such under-
standings, the technical solution of the present invention may
be embodied in the form of a software product. The software
product includes a number of instructions that enable a com-
puter device (personal computer, server, or network device) to
execute the method provided in the embodiments of the
present disclosure.

Embodiments described herein may be discussed in the
general context of computer-executable instructions residing
on some form of computer-readable storage medium, such as
program modules, executed by one or more computers or
other devices. By way of example, and not limitation, the
software product may be stored in a nonvolatile or non-tran-
sitory computer-readable storage media that may comprise
non-transitory computer storage media and communication
media. Generally, program modules include routines, pro-
grams, objects, components, data structures, etc., that per-
form particular tasks or implement particular abstract data
types. The functionality of the program modules may be
combined or distributed as desired in various embodiments.

Computer storage media includes volatile and nonvolatile,
removable and non-removable media implemented in any
method or technology for storage of information such as
computer-readable instructions, data structures, program
modules or other data. Computer storage media includes, but
is not limited to, random access memory (RAM), read only
memory (ROM), electrically erasable programmable ROM
(EEPROM), flash memory or other memory technology,
compact disk ROM (CD-ROM), USB flash disk, digital ver-
satile disks (DVDs) or other optical storage, magnetic cas-
settes, magnetic tape, removable hard disk, magnetic disk
storage or other magnetic storage devices, or any other
medium that can be used to store the desired information and
that can be accessed to retrieve that information.

Communication media can embody computer-executable
instructions, data structures, and program modules, and
includes any information delivery media. By way of example,
and not limitation, communication media includes wired
media such as a wired network or direct-wired connection,
and wireless media such as acoustic, radio frequency (RF),
infrared and other wireless media. Combinations of any of the
above can also be included within the scope of computer-
readable media.

Thus, according to embodiments of the present disclosure,
apparatus and methods are described which illustrate the
implementation of a system selection technique that consid-
ers power penalties in order to reduce power consumption of
any multi-mode wireless receiver when operating in simulta-
neous mode. Embodiments of the present invention provide
for dynamic selection of wireless technology systems to
camp on for a multi-mode wireless receiver when operating in
simultaneous mode.

While the foregoing disclosure sets forth various embodi-
ments using specific block diagrams, flowcharts, and
examples, each block diagram component, flowchart step,
operation, and/or component described and/or illustrated
herein may be implemented, individually and/or collectively,
using a wide range of hardware, software, or firmware (or any
combination thereof) configurations. In addition, any disclo-
sure of components contained within other components
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should be considered as examples because many other archi-
tectures can be implemented to achieve the same functional-
ity.

The process parameters and sequence of steps described
and/or illustrated herein are given by way of example only
and can be varied as desired. For example, while the steps
illustrated and/or described herein may be shown or discussed
in a particular order, these steps do not necessarily need to be
performed in the order illustrated or discussed. The various
example methods described and/or illustrated herein may
also omit one or more of the steps described or illustrated
herein or include additional steps in addition to those dis-
closed.

While various embodiments have been described and/or
illustrated herein in the context of fully functional computing
systems, one or more of these example embodiments may be
distributed as a program product in a variety of forms, regard-
less of the particular type of computer-readable media used to
actually carry out the distribution. The embodiments dis-
closed herein may also be implemented using software mod-
ules that perform certain tasks. These software modules may
include script, batch, or other executable files that may be
stored on a computer-readable storage medium or in a com-
puting system. These software modules may configure acom-
puting system to perform one or more of the example embodi-
ments disclosed herein. One or more of the software modules
disclosed herein may be implemented in a cloud computing
environment. Cloud computing environments may provide
various services and applications via the Internet. These
cloud-based services (e.g., software as a service, platform as
a service, infrastructure as a service, etc.) may be accessible
through a Web browser or other remote interface. Various
functions described herein may be provided through a remote
desktop environment or any other cloud-based computing
environment.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes substitutions, and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Many modifications and
variations are possible in view of the above teachings. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical appli-
cations, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various
modifications as may be suited to the particular use contem-
plated.

Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

Embodiments according to the present disclosure are thus
described. While the present disclosure has been described in
particular embodiments, it should be appreciated that the
disclosure should not be construed as limited by such
embodiments, but rather construed according to the below
claims.
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The invention claimed is:

1. An apparatus, comprising:

a wireless receiver configured for receiving signals from a
plurality of wireless technology systems;

a system determination module for determining wireless
technology systems for each type of wireless technology
that are available to said wireless receiver, wherein said
system determination module is configured to determine
one or more combinations of wireless technology sys-

tems selected from said plurality of wireless technology 10

systems;

a power penalty monitor for determining a power penalty
for each of said plurality of wireless technology systems
during a page monitoring wake-up sequence;

a selection module for determining one or more combined
power penalties for combinations of wireless technol-
ogy systems selected from said plurality of wireless
technology systems, wherein a preferred combination
comprising selected wireless technology systems has
the least combined power penalty, wherein a combined
power penalty for a corresponding combination as deter-
mined by said selection module comprises a combined
power consumption for page monitoring wake-up
sequences for each wireless technology system in said
corresponding combination, and wherein said combined
power consumption is based on a page monitoring cycle
and an average power use during said page monitoring
cycle over a period.

2. The apparatus of claim 1, wherein a combined power
penalty for a corresponding combination as determined by
said selection module comprises a combined duty cycle asso-
ciated with page monitoring wake-up sequences for each
wireless technology system in said corresponding combina-
tion.

3. The apparatus of claim 1, further comprising:

alook-up table comprising said page monitoring cycle and
said average power use for said corresponding combi-
nation.

4. The apparatus of claim 1, further comprising a wireless
communications protocol stack including a system determi-
nation and call processing layer through which said determin-
ing a power penalty by said power penalty monitor and said
determining one or more combined power penalties by said
selection module are performed.

5. The apparatus of claim 1, wherein selection of selected
wireless technology systems in said preferred combination is
based on satisfying at least one QoS parameter.

6. A method for power management performed in a wire-
less communications device, comprising:

determining a plurality of wireless technology systems that
a receiver is capable of page monitoring;

determining a power penalty for each of said plurality of
wireless technology systems during a page monitoring
wake-up sequence;

determining one or more combined power penalties for
combinations of wireless technology systems selected
from said plurality of wireless technology systems;

determining a most favorable combined power penalty
associated with a preferred combination by determining
a combined power consumption for page monitoring
wake-up sequences for each of said combinations over a
period, wherein said preferred combination consumes
the least combined power over said period, wherein said
determining a combined power consumption further
comprises:
for each wireless technology system in a combination,

determining a page monitoring cycle;
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determining an average power use during said page
monitoring cycle; and

calculating said combined power consumption based on
said page monitoring cycle and average power use;
and

selecting wireless technology systems in said preferred

combination for monitoring pages during an idle mode.

7. The method of claim 6, wherein said determining a most
favorable combined power penalty comprises:

determining a combined duty cycle associated with page

monitoring wake-up sequences for each of said combi-
nations; and

selecting said preferred combination such that a corre-

sponding combined duty cycle has the least duty cycle.

8. The method of claim 6, further comprising:

accessing said page monitoring cycle and said average

power use in a look up table.
9. The method of claim 6, wherein said determining a most
favorable combined power penalty further comprises:
selecting a first wireless technology system of a first type
having a least power consumption over a period;

selecting a second wireless technology system of a second
type having a least power consumption over said period;
and

selecting said first wireless technology system and said

second wireless technology system in said preferred
combination.

10. The method of claim 9, further comprising:

selecting a third wireless technology system of a third type

having a least power consumption over said period; and
selecting said third wireless technology system in said
preferred combination.

11. The method of claim 6, wherein said determining a
most favorable combined power penalty is performed within
a system determination and call processing layer of a wireless
communications protocol stack.

12. The method of claim 6, further comprising:

selecting said preferred combination based on satisfying at

least one QoS parameter.
13. A method for power management in a wireless com-
munications device, comprising:
determining a plurality of wireless technology systems that
a receiver is capable of page monitoring;

determining at least one combination of wireless technol-
ogy systems, wherein each combination comprises one
or more wireless technology systems of at least a first
type;

determining one or more combined power consumption

penalties associated with page monitoring wake-up

sequences over a period for said at least one combina-

tion, by:

for each wireless technology system in a corresponding
combination, determining a page monitoring cycle
over a period;

determining an average power use during said page
monitoring cycle; and

calculating a corresponding combined power consump-
tion based on said page monitoring cycle and average
power use;

determining a least combined power consumption penalty

associated with a preferred combination; and

selecting wireless technology systems in said preferred

combination for an idle mode.

14. The method of claim 13, wherein said selecting said
preferred combination comprises satisfying at least one QoS
parameter.
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15. The method of claim 13, wherein said selecting wire-
less technology systems comprises:
selecting said wireless technology systems for page moni-
toring during said idle mode.
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